'Schizotypy' is a multidimensional construct referring to a range of biologically determined personality factors, reflected in cognitive style and perceptual experiences that manifest as subclinical levels of psychotic-like behaviours in otherwise psychologically healthy individuals (Claridge, 1985) . Recent epidemiological studies provide support for the continuity of psychotic experience in the general population (see Hanssen et al., 2005; Johns & van Os, 2001; van Os et al., 2000 van Os et al., , 2001 , observed as oddities of belief, behaviour, eccentricities, idiosyncratic speech, peculiar ideas, and social awkwardness or aversion (Siever et al., 1993) .Whilst these schizotypal personality features may represent a dimensional susceptibility to clinically psychotic behaviour, the precise relationship of schizotypy with clinical disorders such as schizophrenia and schizotypal personality disorder (SPD) is a matter of continuing debate. This chapter will provide an outline of the historical development of the schizotypy construct, highlighting subtle theoretical differences in its conceptualisation, and related issues of measurement, factor structure, and the association with other dimensions of personality. The development of schizotypal personality models and their relationship with clinical disorders will be discussed in light of several decades of research in neurocognition, psychophysiology, and psychosocial risk factors, from which the current conceptualisation of schizotypy within a biosocial neurodevelopmental framework has emerged.
Empirical evidence for the continuity of psychosis has emerged from research into the genetics (Gottesman & Shields, 1972) , psychophysiology , and neuropsychology of schizophrenia (Rosa et al., 2000) , supporting the idea that multiple genes contribute to the inheritance of personality traits that define one's psychotic disposition (Claridge, 1985) . This view acknowledges the potential interplay between the proposed genetic predisposition to schizophrenia (diathesis) and the combined effects of certain life experiences (stress) in accounting for an individual's decompensation to clinical schizophrenia (cf. Grossarth-Maticek et al., 1994) . The involvement of both genetic and environmental factors has been inferred from the less than perfect monozygotic concordance rate of approximately 50% -60%, for the development of schizophrenia (Kender & Diehl, 1993) , this being over 50 times greater than the lifetime morbidity risk of 1% (Hamilton, 1984; Warner, 1985) , and four to five times greater than the same-sex dizygotic concordance (Gottesman & Shields, 1972; Lytton et al., 1988) .
Theoretical Models of Schizotypy
Models of schizotypal personality have developed in recent decades in line with a conceptual shift in thinking about psychosis from a continuum perspective (cf. Claridge, 1997 Claridge, , 1985 Eysenck & Eysenck, 1977; Meehl, 1962 Meehl, , 1990 Ortet et al., 1999; Raine, 2006; Raine et al., 1995) . Within this framework, there have been three major theoretical models of schizotypal personality: the quasi-dimensional (or disease) model (Meehl, 1962; Rado, 1953) which places the schizotypy-schizophrenia continuum within the realm of illness; the totally dimensional view (Eysenck, 1947; Eysenck & Eysenck, 1977) , based in personality theory, which makes no distinction between enduring personality traits and signs of abnormality; and the fully dimensional model (Claridge, 1997) , based also in personality theory, but which proposes that some discontinuity of function must demarcate the line between psychological health and abnormality or disease. It is important to distinguish the tenants of each of these models at the outset.
The quasi-dimensional model endorsed by Meehl (1962 Meehl ( , 1990 ; following initial formulations by Rado, 1953) , represents a categorical approach to schizophrenic aetiology by presupposing a qualitative distinction between signs of health and those of disorder, consistent with orthodox psychiatry. Within this neurodevelopmental model, schizotypy refers to a typology of behaviours expressed by a discrete class of individuals with a common defective genotype (Meehl, 1962 (Meehl, , 1989 (Meehl, , 1990 . According to this view, schizotypal personality traits arise due to the presence of the genetically determined integrative neural defect (termed hypokrisia) that is hypothesized to affect neural functioning throughout the brain. The effects of hypokrisia on the brain are characterised by an "insufficiency of separation, differentiation, or discrimination" in neural transmission that amounts to a ubiquitous anomaly of synaptic control within the central nervous system (CNS), termed schizotaxia, and this brain organization is argued to represent the genetically determined predisposition to schizophrenia (Meehl, 1990) . The essential element of the integrative neural defect that produces the schizotaxic nervous system (i.e., neuronal "slippage") is thus conceived as more than a simple inhibitory deficit or basic sensory abnormality, and can be seen to map directly onto schizophrenic symptomatology such as associative loosening and cognitive-affective dysregulation. Indeed, modern incarnations of these ideas are evident in contemporary models of schizophrenia such as those proposing aberrant neuronal connectivity under the guise of new terminology, such as cognitive dysmetria (Andreasen et al., 1998; Dolan et al., 1999; Friston, 1999a) .
Further elaboration of Meehl's model (1990) predicts that the transition from schizotaxia to schizophrenia should involve the interaction of other factors such as environmental influences (e.g., social learning experiences) and a range of genetically determined personality dimensions (independent of schizotaxia) referred to as polygenic potentiators.
A potentiator was defined as any genetic factor which, given the presence of the schizogene, had the potential to raise the probability of schizotypal decompensation.
Potentiators thus included personality dimensions of social introversion, anxiety proneness, aggressivity, anhedonia (among others), that did not literally modify the expression of the putative schizogene, but instead interacted with the established schizotypal personality organisation and the social environment to either facilitate or depotentiate the development of overt psychotic symptoms. The interaction between schizotaxia and social learning experiences was therefore also hypothesized to contribute directly to the development and expression of schizotypal personality organization. The term "schizotype" was used by
Meehl to denote an individual displaying schizotypal behaviours or experiences as a result of this interplay.
In review, Meehl's concept of schizotypy refers to the personality organisation resulting from the interaction of an inherited schizotaxic brain with other polygenetically determined personality traits and random environmental influences, and ultimately represents the phenotypic expression of vulnerability to schizophrenia. Meehl's model represents a quasidimensional account because of the clear demarcation proposed to exist between the healthy and schizotaxic brain: that is, the abnormal brain state (schizotaxia) is taken as a reference point, and dimensions of the spectrum of schizophrenia-like (schizotypal) behaviours are construed as degrees of expression of disorder, with the ultimate end-point of decompensation being schizophrenia. While this model does not imply that all schizotypes will develop schizophrenia (a common misperception of Meehl's theoretical views -see Lenzenweger, 2006) , Meehl did contend that nearly all individuals with a schizotaxic brain would develop schizotypal personality on the basis of social learning regimes. Regardless of the level of decompensation, the descriptors of dysfunction along the schizotaxia-schizotypy-schizophrenia continuum consisted of overt signs of abnormality, ranging from subclinical levels of deviance detectable on laboratory measures (e.g., psychometric or neurocognitive measures) to full-blown schizophrenia or other schizotypic psychopathology (e.g., schizotypal or paranoid personality disorder). As such, this quasi-dimensional model places the continuity of function within the schizophrenia spectrum completely in the abnormal/illness domain. On this view, outstanding issues for debate include those of nosological relevance, such as how to differentiate factors contributing to the development of schizophrenia versus SPD.
In contrast to Meehl's quasi-dimensional model of schizotypy, both the totally-and fullydimensional models endorsed by Eysenck (1947 Eysenck ( , 1977 and Claridge (1985 Claridge ( , 1997 respectively, place the starting point of schizotypal continuity within the normal/healthy domain of functioning. Historically these models emerged from studies of personality and temperament within experimental psychology. As an opponent of the disease concept in psychiatry, Eysenck's (1960) influential personality theory saw the placement of psychotic illness at the extreme end of a continuously variable personality dimension, couched within naturally occurring variation in CNS functioning. This proposed biological origin of personality dimensions was historically derived from the Pavlovian concept of "nervous types", wherein variations in personality or temperament are seen to reflect the underlying capacity of the CNS to endure or tolerate the action of very strong stimulation, reflecting a combination of weakness or strength of excitatory and inhibitory capacity of the CNS (Pavlov, 1928; cf. Boyle, 1992) . At the time, Eysenck's (1960) proposal of an inextricable connection between normal and abnormal personality along with the assumption of biological causation dissected many issues within the ongoing debate between psychiatry and the sociologically minded anti-psychiatry movement. The development of the biological personality paradigm burgeoned a new perspective on mental illness that neither accepted the orthodox organic view nor the exclusively sociological, non-biological view, but instead attempted an integration of both.
As such, the fully-dimensional model of schizotypy endorsed by Claridge (1985 Claridge ( , 1997 took the normality of health, or more precisely, normal variation in personality, as the starting point of the schizotypal spectrum (Claridge & Beech, 1995) . According to Claridge (1985) , schizotypy denotes a range of enduring personality traits, reflected in cognitive style and perceptual experiences, arising from a combination of polygenetic and environmental determinants, which are normally distributed within the general population. Claridge's model of schizotypy drew parallels between psychiatric illness and systemic diseases of the body, using the example of hypertension (in which sustained high blood pressure brings about irreversible signs of disease evidenced in multiple physiological systems), as a template for understanding the origins of mental illness. Claridge (1985) argued that both systemic and mental diseases could be seen to arise from a breakdown in the otherwise normal functioning of a biological system, rather than an affliction imposed on the body. A second shared quality could be seen in the continuity between adaptive and maladaptive functioning of the system, given arbitrary cut-off points for determining abnormal functioning. Thirdly, both systemic and mental diseases may have multiple causes; in the case of hypertension, a number of environmental factors such as smoking, lack of exercise, diet, obesity and stress, may contribute to aberrant and sustained high blood pressure.
Similarly, a variety of factors including genetic, psychosocial, and adverse life experiences may contribute to psychological ill health. In summary, Claridge (1985, p. 11) argued that "the genetically influenced variations in brain organization which underlie temperamental and personality differences…can be construed as dispositions to varying forms of mental disorder; and that the emergence of such disorder is, in essence, a transformation of these biological dispositions into signs of illness"… "It is only at the extremes that the disease 'entities' of psychiatry become clearly definable".
An important distinction between the fully-dimensional model proposed by Claridge (1985 Claridge ( /1997 ) and Eysenck's 'totally-dimensional' model is that the former proposes a distinct boundary between health and illness along the schizotypal-schizophrenia continuum, where signs of discontinuity of function are used to denote disorder. For Claridge, schizotypal traits comprise dual properties insofar as they represent adaptive variation in personality but also comprise the potential for maladaptive psychological functioning. Consistent with Meehl (1990) , Claridge contended that the transformation from schizotypy to clinically defined schizophrenia may occur for a variety of reasons, including a relative weakness of the predisposing personality factors in question, the degree to which modifying experiences throughout life have afforded protection against severe disorder, and/or an absence of external triggers in the individual's life experiences. The fully-dimensional model of schizotypy can therefore be seen to encompass both the quasiand totally-dimensional accounts described above: the continuity of schizotypal behaviours and experiences are regarded as inherent in normal personality variation and are recognised as representing only a predisposition to disorder within a spectrum of schizophrenic psychiatric illness (see DSM-IV criteria for schizophrenia; SPD; schizoaffective disorder; and paranoid personality disorder), while the decompensation to disorder must involve a disintegration of functioning into the abnormal domain.
Despite these subtle theoretical distinctions, considerable effort has been directed towards the development of psychometric indices of schizotypy and the investigation of psychophysiological correlates of schizotypal personality organization. Variability in the expression of schizotypy may reflect the severity of decompensation toward psychosis, and/or the type of schizotypal and other potentially protective personality traits present on the endophenotype. Schizotypal personality may thus manifest in mild thought disorder, excessive social anxiety, or in aberrant perceptual experiences that may not be objectively observable. In other cases, manifestations of schizotypy may be detectable only via laboratory measures of psychophysiological responding (such as eye-tracking dysfunction, sustained attention deficits, psychomotor impairment).
Psychometric measurement of schizotypy
The measurement of schizotypal traits and the investigation of their psychophysiological correlates has become an increasingly popular strategy for research into the aetiology of schizophrenia spectrum disorders. This approach removes all potential confounds due to illness factors (such as the long-term impact of multiple hospitalisations and/or the use of psychotropic medications), and may enable detection of individuals "at risk" for developing psychosis, thereby allowing possible preventative action to be taken (see Boyle, 1998a,b; Claridge, 1994 Claridge, , 1997 Claridge & Beech, 1996; Lenzenweger, 1994; Raine et al., 1995; Tyrka et al., 1995; Vollema & van den Bosch, 1995) . Whilst the medical model of schizophrenia has not been entirely jettisoned by this endeavour, increasing focus upon the psychotic continuum may reflect scepticism regarding the past century of research that has not yet elucidated the causal factors of schizophrenia as a categorical entity.
There are two strategies for assessing schizotypy in the general population: one 'high risk' approach involves the study of biological relatives of individuals with schizophrenia, since schizotypal traits should be found more commonly among those with a diagnosed schizophrenic as a blood relative (Claridge, 1984) ; another approach involves the investigation of members of the general population who score highly on psychometric indices of schizotypy, regardless of familial history of illness. Individuals reporting high levels of schizotypy have shown similar patterns of performance as schizophrenia patients in several cognitive, psychophysiological, and neuropsychological domains (Claridge, 1997; Raine et al., 1995) . These findings are reviewed in a later section.
Several attempts have been made to measure schizotypal personality traits by administering self-report scales to samples drawn from the general adult population. The content and style of psychometric measures of schizotypal personality traits has varied according to the investigators' aims and theoretical standing. The earliest schizotypy scales focused on the measurement of vulnerability for specific symptoms of schizophrenia, including perceptual aberration (Chapman et al., 1978) , magical ideation (Eckblad & Chapman, 1983) , physical and social anhedonia (Chapman et al., 1976) , hypomanic personality traits (Eckblad & Chapman, 1986) , predisposition to hallucination (Launay & Slade, 1981) , and more recently for delusions (Peters et al.,1999) , paranoia (Rawlings & Freeman, 1996) and schizotypal cognitions (Rust, 1988) . Other psychometric scales have been formulated on the basis of psychiatric classification systems for 'schizotypal personality' (Raine, 1991) and/or 'borderline personality' disorders (Claridge & Broks, 1984) , or by assuming the existence of fundamental components such as the asocial element of 'psychoticism' proposed by Eysenck and Eysenck (1977) . In contrast, the recent development of psychometric scales tapping the general schizotypy construct has been based upon the empirically observed factor structure of schizotypal traits (Mason & Claridge, 2006; Mason et al., 1995; Rawlings & MacFarlane, 1994) .
Factor analytic studies have supported the existence of up to four psychometrically distinct schizotypal dimensions depending on the range and content of the scales included in the analyses of schizotypal personality traits in the general population (Bentall et al., 1989; Boyle, 2003 Boyle, , 2004b Boyle, , 2006 Boyle & Baxter, 2004a; Chen et al., 1997; Fossati et al., 2003; Hewitt & Claridge, 1989; Kelley & Coursey, 1992; Kendler & Hewitt, 1992; Mason et al., 1997; Montag & Levin, 1992; Raine & Allbutt, 1989; Raine et al., 1994; Venables & Rector, 2000) . Evidence of distinct schizotypal trait dimensions also comes from the biological relatives of schizophrenic patients (Calkins et al., 2004) , clinical patients with schizophrenia (Arndt et al., 1991; Bentall et al., 1989; Bergman et al., 2000; Liddle, 1987; Mason, 1995; Peralta et al., 1997; Thompson & Meltzer, 1993) and schizotypal personality disorder (Axelrod et al., 2001; Battaglia et al., 1997) . The threefactor version of schizotypal trait dimensions parallels Liddle's three 'syndromes' of schizophrenia represented by the factors of 'reality distortion', 'disorganisation', and 'psychomotor poverty'. Furthermore, this factor structure appears to be invariant to gender, ethnicity, religion and social background (Reynolds et al., 2000) , and may be seen to support the fully-dimensional model of schizotypy (Goulding, 2004) .
Possibly the most comprehensive measure of schizotypal personality -the Combined Schizotypal Traits Questionnaire (CSTQ) -was constructed by to comprise 18 self-report scales (altogether there were 420 dichotomously scored items) including the following:
• Schizotypy Questionnaire (STQ) -STA & STB scales (Claridge & Broks, 1984) • Physical (PhA) & Social Anhedonia (SoA) scales (Chapman et al., 1976) • Perceptual Aberration (PAb) scale (Chapman et al., 1980) • Magical Ideation (MgI) scale (Eckblad & Chapman, 1983) • Hypomanic Personality (HoP) scale (Eckblad & Chapman, 1986) • Launay-Slade Hallucination scale (Launay & Slade, 1981) • Schizophrenism (NP) scale (Nielsen & Petersen (1976) • MMPI Schizoidia scale (Golden & Meehl, 1979) • Delusions Symptoms (Grandeur; Disintegration; Persecution; Contrition)-- (Foulds & Bedford, 1975) • E, N, P, L (EPQ) scales (Eysenck & Eysenck, 1975) Using a large sample of 1,095 individuals, an iterative maximum-likelihood exploratory factor analysis of the CSTQ scale intercorrelations (excluding the Foulds and Bedford (1975) delusional scales which were markedly skewed) was undertaken together with oblique simple-structure rotation . Four schizotypal factors were reported, reflecting 'perceptual aberration', 'cognitive disorganization', 'introverted anhedonia', and 'impulsive non-conformity'. The first factor was represented by aberrant perceptual experiences and paranormal beliefs and cognition (including magical thinking, ideas of reference, paranoid ideation), thus reflecting subclinical forms of psychotic delusions and hallucinations. The second factor referred to subclinical forms of cognitive disorganization, reflected in thought-blocking, disorganized speech, attentional difficulties (e.g., distractibility), as well as mild forms of worry and social anxiety. The third factor tapped subclinical experiences of social withdrawal and the inability to experience pleasure.
Finally, the fourth factor referred to subclinical asocial behaviours such as drug-taking, violence, and deception, more typically associated with antisocial or psychopathic personality disorders. The Claridge et al. four-factor solution attained a ± .10 hyperplane count (i.e., the proportion of factor loadings ≤.10 in magnitude) of 35.7%, suggesting only moderate approximation to simple structure criteria (cf. Cattell, 1978; Child, 1990) .
Subsequently, Boyle (1998) reanalysed the CSTQ data, using a slightly smaller, but more refined sample (N = 1021), this time including the Foulds and Bedford (1975) delusional scales (following application of a square root transformation to reduce their skewness). An iterative maximum-likelihood procedure was undertaken, with factor number estimated via the Scree test (Cattell, 1978) , followed by oblique simple structure rotation (Child, 1990) .
Five factors were extracted, relating to 'positive schizotypy', 'extraverted personality', 'neurotic personality', 'negative schizotypy', and 'psychopathic personality'. Positive schizotypal traits related to symptoms such as magical ideation, perceptual aberration, hallucinations, and delusions. Negative schizotypal traits related to symptoms such as lack of logical thought, lack of appropriate affect, as well as physical and social anhedonia. The factor loadings obtained for each of the five CSTQ factors are shown in Table 1 2 [ Table 1 about here] The ±.10 hyperplane count obtained for the five factor solution was 48.9%, suggesting a better approximation to simple structure criteria than that obtained in the study (i.e., a 13.2% improvement in the hyperplane count). In addition, a LISREL confirmatory factor analysis (cf. Cuttance & Ecob, 1987) revealed that the five-factor solution provided a better fit to the empirical data than did the corresponding four-factor solution. These findings extended those of Claridge et al. and highlighted the distinction between positive and negative schizotypal traits, which were shown to be distinct from general (Eysenckian) personality dimensions. Furthermore, the positive schizotypal factor also loaded strongly on measures of delusions (especially on Delusions of Disintegration), suggesting that delusional cognition does play an important role in schizotypal personality.
. Another psychometric instrument (the Schizotypal Personality Questionnaire or SPQ) was designed by Raine (1991) specifically to measure all nine schizotypal personality traits as listed in the DSM-III-R diagnostic criteria for schizotypal personality disorder (also see DSM-IV, Section 301.22). Thus, as compared with the CSTQ , which resulted from an attempt to comprehensively measure all major aspects of schizotypy and related constructs (including the Eysenckian personality dimensions), use of the SPQ with its focus on specific diagnostic criteria, provides a very different approach to the measurement of schizotypal traits. In order to further elucidate the factor structure of schizotypal traits, Boyle and Baxter (2004a,b; performed a series of maximumlikelihood factor analyses with oblique simple-structure rotation of the SPQ subscale intercorrelations. A two-factor solution (presented in Table 2 ) clearly emerged which separated positive from negative schizotypal traits.
[ Table 2 about here]
A three-factor solution (presented in Table 3) demonstrated that the positive schizotypy factor split into two additional factors.
[Table 3 about here]
A four-factor solution (presented in Table 4 ) demonstrated further that the second schizotypy factor now split into two additional factors.
[Table 4 about here]
These factor analytic findings confirmed that there are both positive and negative schizotypy factors, and that positive schizotypy can be further subdivided into (1) Perceptual Aberration/Magical Thinking, (2) Ideas of Reference/Paranoia, and (3) Odd/Eccentric Behaviour/Speech.
Schizotypy measures: Implications for disorder
If schizotypy reflects the phenotypic expression of a genetic predisposition to schizophrenia, a significant proportion of individuals exhibiting schizotypal personality traits would be expected to develop schizophrenia. Schizotypal characteristics in clinical samples have been associated with breakdown rates of 40% over a 15-year follow-up (Fenton & McGlashan, 1989 ) and 25% over 2 years (Schultz & Soloff, 1987) . Additionally, 7.6% of children with schizotypal-like diagnoses at age 10 years received a diagnosis of schizophrenia by age 27 years (Wolff et al., 1991) . Studies of individuals in the prodromal phase of schizophrenia with schizotypal features have documented relatively high rates of breakdown for psychosis, for example, 40.8% over one year (Yung et al., 2003) . Others have estimated the breakdown from adolescent schizotypy to schizophrenia to be in the order of 20-40% (Walker et al., 2004) .
Reported rates of breakdown for psychotic disorders in undergraduates showing extreme scores on schizotypal personality are generally much lower. There is mixed evidence as to whether cognitive-perceptual or interpersonal factors of schizotypy are better at predicting later psychosis: one study suggests that physical anhedonia is not predictive (Chapman et al., 1994) , while another (Gooding et al., 2005) reports a significantly higher rate of schizophrenia-spectrum disorders in those with high social anhedonia scores (15.6%), but failed to observe any breakdown in a high-scoring perceptual aberration -magical ideation group (3.4%). This suggests that interpersonal but not cognitive features may be more predictive of later schizophrenia-related disorders.
Relationship of schizotypy with the putative 'Big Five' factors of personality
Studies of the static five-factor model of personality (the so-called 'Big Five': Neuroticism, Extraversion, Openness to Experience, Agreeableness, and Conscientiousness) in relation to schizotypy, SPD, and schizophrenia have produced inconsistent results, potentially because the Big Five does not specifically include a dimension related to abnormal cognition (Costa & McCrae, 1992) . Perhaps the most controversial factor is the status of Openness to Experience in relation to schizotypal personality traits. In SPD patients, one study has found that Openness was elevated (Morey et al., 2002) , while other studies report no such relationship (Blais, 1997; Trull, 1992) . In studies of psychometrically defined schizotypy, high scores have most commonly been positively associated with Neuroticism and Openness to Experience in undergraduate students (Coolidge et al., 1994; Wiggins & Pincus, 1989) , and negatively associated with Extraversion and Agreeableness (Dyce & O'Connor, 1998) ; however, Tien et al. (1992) reported that Openness to Experience was negatively correlated with schizotypy in a community sample, and others have reported no association with Openness to Experience depending upon the type of measure used to define schizotypy (Costa & McCrae, 1990) . Finally, lower levels of Openness to Experience have been reported in studies of schizophrenic patients (Camisa et al., 2005; Gurrera et al., 2005) and their first-degree relatives (Yeung et al., 1993) .
Generally, those studies reporting a positive association between schizotypy and Openness to Experience have sampled university undergraduates, while those suggesting a negative association between these constructs have utilised clinical populations (Ross et al., 2002) .
In clinical populations, elevated schizotypy is most commonly associated with elevated Neuroticism and lower levels of Extraversion, Agreeableness and Conscientiousness, with the exception of Yeung et al. (1993) who found no relationship with Extraversion; Tien (1992) who found no association with Agreeableness or Conscientiousness, and Trull (1992), Blais (1997) and Dyce and O'Connor (1998) who found no relationship with Conscientiousness. Evidently, the Big Five personality dimensions (Five Factor Model) fail to provide adequate coverage of the abnormal trait domain (including schizotypal traits). Indeed, Boyle et al. (1995) demonstrated empirically that the Big Five dimensions account for less than 60% of the known trait variance within the normal personality sphere alone. Part of the difficulty may also reside in the fact that the Big Five dimensions are premised on a relatively outmoded and unduly restrictive static conceptualization of personality structure. Recent empirical studies (e.g., Cattell et al., 2002; Roberts et al., 2006b ) suggest that personality structure is subject to learning and substantial developmental change across the entire lifespan (Fraley & Roberts, 2005; Roberts et al., 2006a) , such that personality traits may not represent stable, enduring dispositions as historically thought.
Neurocognition and Psychophysiology
Studies of cognitive and psychophysiological impairments in schizotypy provide overwhelming evidence for replicable neuro-cognitive impairments that are common to both individuals with clinical psychotic disorder, and ostensibly healthy individuals exhibiting schizotypal personality traits. A relatively wide range of neurocognitive abilities and psychophysiological processes are impacted, with the strongest evidence for impairment in the areas of executive functions, sustained attention, working memory, verbal and spatial learning and memory, latent inhibition, negative priming, hemisphere asymmetry, and motor ability. In general, performance in schizotypy tends to be intermediate between those reporting few or no schizotypal personality traits, and schizophrenia patients (see Raine, 2006) . Specifically, heightened levels of psychometrically defined schizotypy have been associated with perceptual aberrations (Lenzenweger, 1994 ) and mild cognitive deficits in sustained (Gooding et al., 2006; Obiols et al., 1999) and selective attention (Moritz & Mass, 1997; Williams, 1995) , disrupted latent inhibition (Tsakanikos et al., 2003) , poor executive functioning (Lyons et al., 1991; Moritz et al., 1999; Wilkins & Venables, 1992) , working memory deficits (Tallent & Gooding, 1999) , impaired visual context processing (Uhlhaas et al., 2004) , semantic activation deficits (Evans, 1997) , as well as aberrant cerebral asymmetry (Goodarzi et al., 2000; Gruzelier et al., 1995; Jutai, 1989; Luh & Gooding, 1999; Mason & Claridge, 1999) .
The alternative 'high risk' strategy of studying correlates of schizotypy within biological relatives of schizophrenia patients has also shown that family members demonstrate a greater frequency of perceptual aberration (Clementz et al., 1991) , attentional disturbance (Balogh & Merritt, 1985; Laurent et al., 1999; Steinhauer et al., 1991) , eye tracking impairments (Blackwood et al., 1991; Waldo & Freedman, 1999) , and electrodermal responding (Claridge et al., 1983) , with biologically high-risk children showing a similar psychophysiological profile to their schizophrenic parent (Gruzelier, 1999; Mednick & Schulsinger, 1968) .
Additional psychophysiological similarities between schizophrenia and schizotypy include reduced attentional modulation (Abel et al., 2004; Cadenhead et al., 1993; Cadenhead et al., 2000; Evans et al., 2005; Hazlett et al., 1997; Schell et al., 1995) , abnromal electrodermal correlates of the human orienting response (Dawson & Nuechterlein, 1984) , dysfunctions in smooth-pursuit eye-movements (Gooding, 1999; Holahan & O'Driscoll, 2005; Larrison et al., 2000; Lee & Williams, 2000; Smyrnis et al., 2003) , slowed habituation of gamma and beta neural oscillations (Vernon et al., 2005) . Behavioural studies within interpersonal domains have also revealed impaired communication (Martin & Chapman, 1982) and reduced social competence (Haberman et al., 1979; Numbers & Chapman, 1982) in relation to high levels of schizotypy in the general population.
There has been relatively little study of social-emotional information processing in schizotypy, despite considerable evidence for impaired facial emotion perception in schizophrenia (Edwards et al., 2002; Green et al., 2005) alongside initial findings of poor facial emotion processing in SPD (Mikhailova et al., 1996; Waldeck & Miller, 2000) .
Those studies that have examined social information processing in schizotypy, report evidence of poor facial emotion processing (Poreh et al., 1994; van Wout et al., 2004) and increased sensitivity to threat-related stimuli, evident in psychophysiological responses of psychometrically defined schizotypal individuals (Green et al., 2001 (Green et al., , 2003 Raine et al., 2002) . Initial reports on mentalising also indicate that those high on schizotypy show impaired processing of information related to self (Platek et al., 2005) , others (i.e., 'theory of mind'; Langdon & Coltheart, 1999) , and perspective taking skills (Langdon & Coltheart, 2001 ).
Finally, despite these impairments, some neuro-cognitive functions appear to be spared or even enhanced in schizotypy. For example, there are no reported IQ deficits in schizotypy.
More specifically, several studies suggest enhanced creativity in schizotypy in association with superior verbal fluency (Duchene et al., 1998; Green & Williams, 1999) , and increased right hemisphere functioning (Fisher et al., 2004; Weinstein & Graves, 2002) . Indeed, it has been argued that cognitive inhibitory impairments in schizotypy may paradoxically enhance ability to form broad, unusual associations that favour cognitive flexibility and creativity (e.g., Green et al., 1999) .
Psychosocial Risk Factors
Prevailing evidence does not support Meehl's (1989) hypothesis that schizotypal personality (as opposed to schizophrenia) is not influenced by environmental stressors (such as negative childrearing practices and maternal rejection), and instead gives rise to the counter-hypothesis that negative psychosocial influences are significant risk factors for the development of schizotypal personality, and in particular, the cognitive-perceptual features. For example, initial studies suggest increased child abuse and early trauma in schizotypal individuals compared with controls. Multiple forms of abuse (physical, sexual, emotional, neglect) and post-traumatic stress symptomatology are associated with both higher self-report schizotypy and clinician-assessed symptoms of SPD (Berenbaum et al., 2003) . Similar findings have been observed for child abuse and dissociative experiences in high schizotypy scorers (Irwin, 2001; Irwin et al., 1999) and those with high cognitive disorganization scores (Startup, 1999) . Furthermore, individuals with SPD (in addition to borderline patients) suffer more types of trauma exposure compared to other personality disordered groups and depressed patients (Yen et al., 2002) . Child maltreatment (physical, sexual, emotional) has been associated with increased perceptual aberration and magical ideation scores (Berenbaum, 1999) . Similarly, a large-scale community study of 4,045 adults reported a 3.6-fold increase in sub-clinical positive symptoms in those reporting broad-based child abuse (Janssen et al., 2004) .
Disturbances in early parental bonding are also associated with schizotypal personality.
Anxious attachment has been found to be associated with higher positive schizotypy, while avoidant attachment has been associated with both positive and negative symptom schizotypy (Wilson & Costanzo, 1996) . Berenbaum (2003) found neglect to be a particularly salient form of maltreatment in those with schizotypal symptoms, but another study found neglect only non-significantly raised in patients with SPD (85%) compared to a depressed control group (68%) (Battle et al., 2004 ).
Limitations of the above studies include reliance on self-report measures of abuse, neglect, and schizotypy, the lack of official records of neglect, co-morbidity of SPD with other disorders, selected populations, and potential demographic confounds. Overcoming all of these limitations, one study of 738 randomly sampled youths from the community demonstrated that both prospectively-collected maternal reports and official state-verified documentation of both emotional and physical forms of neglect were associated with increased diagnostically-assessed schizotypal symptoms during late adolescence / early adulthood, even after controlling for other personality disorder symptoms, past physical and sexual abuse, and demographic factors (Johnson et al., 2000) . Particularly striking was a 4.9-fold increase in SPD in those with physical neglect.
Broader measures of psychosocial adversity and stress in relation to occupational, recreational, and social spheres have also been linked to schizotypy. Two studies controlling for multiple confounds (e.g., IQ) have found increased cognitive-perceptual features of schizotypy to be associated with urban-living (Stefanis et al., 2004) . One study observed significantly fewer positive life events, and in particular, an increase in negative life events related to criminal or legal activities in association with SPD (Pagano et al., 2004) . These findings suggest a pernicious cycle whereby early stress results in schizotypal symptoms that increase social and occupational dysfunction, resulting in further sustained life stress and long-term schizotypal symptomatology.
The notion that schizotypy is associated with a benign psychosocial environment (Meehl 1989) thus no longer seems tenable: schizotypal individuals have significantly impaired family environments. This highlights an unusual point for departure from the tendency for schizotypal individuals to share risk factors in common with schizophrenia as there is little evidence favouring abuse and neglect in the development of schizophrenia. Findings raise the possibility of two subgroups of schizotypy with differing aetiologies: one in whom the genetic liability for schizophrenia accounts for schizotypal symptoms, and another in whom psychosocial adversity contributes to symptomatology (Raine, 2006) . One implication for future research is that genetic and neurobiological links to schizotypy may be stronger and more consistent in those schizotypal individuals lacking psychosocial risk factors of abuse and neglect.
Future studies need to both further test the hypothesis of psychosocial risk factors for schizotypy, and address the causal question of why psychosocial factors should result in schizotypal features. One working hypothesis is that early abuse, neglect, and stress results in the structural and functional brain impairments that in turn give rise to schizotypal symptoms. Significant stress during a critical period is thought to result in neurodevelopmental reorganization of the brain (Teicher et al., 2004) and could in part account for structural and functional brain abnormalities associated with schizotypal personality features (see below). Early trauma and stress has also been associated with alterations in glucocorticoid release and increased dopamine levels (Glaser, 2000) . Since abuse appears to be somewhat more associated with cognitive-perceptual schizotypy features, abuse could partly account for the hypothesized link between these schizotypal features and increased dopamine (Siever, 1995) .
Finally, social ramifications of early trauma or neglect should be considered alongside neurobiological explanations. For example, lack of social trust and security resulting from experiencing child abuse could directly predispose to paranoid attributional style, social anxiety, lack of close friends, and more hyper-sensitive, self-referential thinking (Raine, 2006) . That this is a feasible causal hypothesis is suggested by the fact that individuals at baseline who lack any lifetime psychotic-like experience but who go on to experience discrimination show an increased rate of clinically-assessed delusional ideation three years later (Janssen et al., 2004) . Similarly, disrupted attachment and bonding early in life could result in social-emotional impairments that disrupt normal interpersonal behaviour and predispose to the schizotypal features of lack of close friends, constricted affect, and odd social behaviour. Raine's (2006) recent model of schizotypy incorporates a neurodevelopmental framework, the operation of psychosocial risk factors, a three-factor conceptualization of schizotypy, and two forms of schizotypy with different etiological paths. In this model, one form of schizotypal personality is termed 'neuro-schizotypy', and is proposed to have origins predominantly (though not exclusively) in the genetic, neurodevelopmental, and neurobiological processes that are shared with schizophrenia, and which predominantly give rise to interpersonal and disorganized features. In contrast, environmental influences largely give rise to 'pseudoschizotypy', a phenocopy of neuroschizotypy, in which cognitive-perceptual features predominate. The differential etiological pathways to the two forms of schizotypy are relative rather than absolute; both forms present with clinical features from all three domains, and both likely have contributions from both genes and the environment. Nevertheless, schizophrenia or SPD will only be an outcome for neuroschizotypy, and only when critical protective factors are lacking. These conjectures may be seen to clarify and extend the model of schizotypy originally proposed by Meehl (1989) , yet differ in the extent that early environmental factors are not excluded from contributing to either form of schizotypy.
A Biosocial Neurodevelopmental Model of Schizotypal Personality
According to Raine (2006) , "neuro-schizotypy" is viewed fundamentally as a brain disorder (evident as SPD) with its origins in genetics, early prenatal environmental processes, and early postnatal influences. Genetic factors and prenatal environmental insults are proposed to precipitate structural and functional brain changes that unfold throughout development in frontal, temporal, and limbic regions, and which in turn give rise to psychological abnormalities in cognition and affect. At the same time, postnatal environmental influences (e.g., physical abuse, neglect, poor bonding, discrimination) both contribute to further brain impairment, and also directly result in cognitive and affective disturbances. At the level of personality, while cognitive disturbances primarily shape cognitive-perceptual (e.g., unusual perceptual experiences) and disorganized features (e.g., odd speech), affective disturbances (both CNS and ANS) give rise predominantly to interpersonal deficits (e.g., blunted affect). In addition, both cognitive and affective processes contribute in more limited ways to all three domains of schizotypal symptomatology.
While the basic elements of this model are empirically sound in terms of incorporating current evidence for genetic and environmental processes, cognitive impairments, three factors of schizotypy, and linkage to schizophrenia, other elements (e.g., prenatal and postnatal environment, psychosocial risk factors, neurodevelopmental processes) require further empirical scrutiny. For example, empirical support is required for the proposals that:
1. neuro-schizotypy has a relatively stronger genetic and neurobiological basis; an early onset; presents with predominantly interpersonal -disorganized features; is influenced by affective as well as cognitive basic processes; is not associated with significant psychosocial adversity; demonstrates greater symptom stability; is more responsive to psychopharmacological treatments; and presents higher risk for schizophrenia.
2. pseudoschizotypy has a relatively weaker genetic and neurobiological basis; is an outcome of predominantly postnatal environmental and psychosocial influences; presents predominantly with cognitive-perceptual features; may have either an early or late onset;
does not progress to schizophrenia; shows symptom fluctuation over time; is less responsive to neurobiological treatment programs; and is more responsive to psychological interventions.
Although the two hypothesized forms of schizotypy cannot be definitively assessed at initial assessment, approximations and alternative strategies to test this model are feasible.
Subjects presenting with predominantly interpersonal and disorganized features (though not meeting full DSM-IV criteria for SPD or schizophrenia) may be delineated as putative neuro-schizotypes, while those presenting with predominantly (or even solely) cognitive features may be delineated as putative pseudo-schizotypes. A similar delineation can be taken with questionnaire assessments of schizotypy. Alternatively, schizotypal patients or psychometrically-defined schizotypal individuals could be provisionally delineated as pseudo-schizotypals on the basis of a history of significant psychosocial adversity, while neurodevelopmental schizotypy assignment could be based on a family history of schizophrenia or presence of neurodevelopmental markers. Group differences on symptom stability, estimated age of onset, neuro-cognitive markers, candidate gene linkage, treatment efficacy, antisocial behaviour, and symptom presentation could then be tested.
While pseudoschizotypy is postulated to "mimic" the clinical features of neurodevelopmental schizotypy, its status as a true disorder is not questioned, such that it may be no less debilitating. The key difference is that pseudoschizotypy has a somewhat different aetiology, involving more psychosocial influences (cf. Jackson, Vol. 2) and possibly accounting for higher schizotypy in minority groups and co-morbidity for antisocial behaviour. Nevertheless, neurobiological processes likely play some supporting aetiological role in pseudoschizotypy as most of those who experience early bonding, abuse, discrimination, and other psychosocial adversity do not succumb to decompensation into SPD or schizophrenia. 
